INSULIN RESISTANCE AND THE METABOLIC SYNDROME c
The concept of insulin resistance was first introduced in the 1960s when it was noticed that patients following myocardial infarction had high insulin concentrations. Similar high insulin values were also seen in patients with hypertension, and this association was confirmed in many large, epidemiological studies. It was suggested that the pancreas increased the production of insulin to try and overcome the insulin resistance, and that this relative hyperinsulinaemia caused sodium retention and increased sympathetic nervous tone, so increasing the blood pressure.
In his 1988 Banting lecture, Reaven noted that resistance to insulin stimulated glucose uptake was present in the majority of patients with type 2 diabetes and impaired glucose tolerance, and in 25% of non-obese individuals with normal glucose tolerance. 3 He suggested that glucose intolerance could be prevented if the beta cell was able to increase insulin secretion and maintain chronic hyperinsulinaemia. If this could not be achieved then decompensation of glucose tolerance occurred. He suggested that the relation between insulin resistance, hyperinsulinaemia, and glucose intolerance was mediated by changes in free fatty acid concentrations, as plasma free fatty acids could be reduced by small increments in insulin concentration. If hyperinsulinaemia could not be maintained, increased free fatty acids would lead to increased hepatic glucose production, and because of resistance to insulin stimulated glucose uptake, to hyperglycaemia.
Reaven also identified a clustering of risk factors for coronary heart disease, including hyperinsulinaemia, impaired glucose tolerance, increased plasma triglyceride concentrations, decreased high density lipoprotein (HDL) cholesterol concentrations, and hypertension that he named ''syndrome X''.
Several other components of syndrome X or the ''metabolic syndrome'' have been added, including visceral adiposity, microalbuminuria, endothelial dysfunction, abnormal fibrinolysis, and markers of inflammation. It remains unclear if this is just a coincidental clustering of cardiovascular disease risk factors that are shared with risk factors for diabetes (the common soil hypothesis) or whether there is a single aetiological determinant as suggested by Reaven. The single determinant might be genetic, insulin resistance, visceral obesity, endothelial dysfunction, or inflammation, or there might be multiple interacting determinants.
A recent study from Italy measured insulin resistance using a homeostasis model assessment (HOMA), and found that insulin resistance was a strong independent predictor of cardiovascular disease in type 2 diabetes. 4 This mathematical model utilises basal concentrations of glucose and insulin, and provides an index of relative insulin sensitivity. New oral hypoglycaemic treatments that target insulin resistance are described below, but insulin resistance is not at present a separate target for intervention in type 2 diabetes.
HEART DISEASE AND TYPE 1 DIABETES
Patients with type 1 diabetes tend to be younger than patients with type 2 diabetes (the average age of onset for type 1 diabetes is 14 years versus 60 years for type 2 diabetes). The pathophysiology of cardiovascular disease is probably different to that in type 2 diabetes, although recent studies suggest that many patients with type 1 diabetes become insulin resistant following the initiation of insulin treatment. As in the general population and in patients with type 2 diabetes, this may be explained by decreased physical activity and excessive food intake leading to visceral adiposity. This has been termed ''double diabetes'', but it is not certain if these are the only patients with type 1 diabetes that are at increased cardiovascular risk.
Several older studies suggested that the excessive risk was associated with varying degrees of renal impairment in patients with type 1 diabetes. Longstanding type 1 diabetes can also lead to autonomic neuropathy and a diabetic cardiomyopathy, 5 and co-segregation of these problems in patients with poor glycaemic control is a possibility.
Recent studies have focused on new ways of cardiologically identifying patients with type 1 diabetes who have early cardiovascular problems, as the detection of proteinuria is not sufficiently sensitive to predict cardiovascular outcomes in type 1 diabetes, and investigation for autonomic neuropathy or the diabetic cardiomyopathy is not routinely performed. Estimation of the degree of coronary artery calcification using electron beam tomography is becoming increasingly accepted for risk stratification in the asymptomatic diabetic patient. 6 
GLYCAEMIC CONTROL AND REDUCTION OF CARDIOVASCULAR RISK

Type 1 diabetes
The landmark trial of tight glycaemic control in people with type 1 diabetes was the diabetes control and complications trial (DCCT). 7 Tight control, based on a continuous subcutaneous insulin infusion or basal bolus insulin regimen, was associated with a significant reduction in the development or progression of microvascular diabetic complications, including diabetic retinopathy and diabetic nephropathy, on a mean of 6.5 years of follow up. Careful analysis was performed of cardiovascular end points in the DCCT, including acute myocardial infarction and death from cardiovascular disease. 7 There were a very small number of cardiovascular events in the study, however, and no significant effect of tight glycaemic control on vascular outcomes was demonstrated. Four definite myocardial infarctions were recorded, and all occurred in the conventional treatment group. A subsequent meta-analysis based on the DCCT study but also including several smaller studies concluded that intensive insulin treatment reduced the number of total major macrovascular events, including myocardial infarction, but that mortality was not affected with intensive insulin treatment.
Type 2 diabetes
The landmark trial of tight glycaemic control in people with type 2 diabetes was the UK prospective diabetes study (UKPDS) in 4209 subjects with recently diagnosed diabetes. 8 Compared to the DCCT there was a smaller separation between the intensive and control groups. In the DCCT the average HbA1c in the intensive group was 7.2% compared to 9.1% in the conventional group. In the UKPDS the figures were 7.0% and 7.9% for the intensive and conventional groups, respectively.
Tight control, based on either treatment with sulfonylureas or insulin, was associated with a significant reduction in the development of microvascular complications, including diabetic retinopathy and nephropathy, on a mean of 10 years of follow up. 8 Myocardial infarction was the most common single end point and occurred in around 12% of all patients. The mortality from myocardial infarction was around 50%. The risk of a myocardial infarction was 14.7 events per 1000 patient years in the intensive group, and 17.4 events per 1000 patient years in the conventional group, a non-significant difference (p = 0.052).
For overweight patients a further possible randomisation was to intensive treatment with metformin, which exerts its principal hypoglycaemic effect by suppressing basal hepatic glucose production. Somewhat to the surprise of the investigators this group of diabetic patients did best, with a significant reduction in myocardial infarctions, cardiovascular deaths, and total mortality compared to the conventional treatment group. 9 Based on the results of the UKPDS the treatment of first choice for overweight patients with type 2 diabetes not controlled by dieting is metformin, with sulfonylureas reserved as first choice for the minority of patients that are not overweight or cannot tolerate metformin.
Recently, a newer class of oral hypoglycaemic agents, the thiazolidenediones or glitazones, has become available for the treatment of type 2 diabetes. They act by binding to the peroxisome proliferator-activated receptor c (PPARc) in the nucleus of the cell. They sensitise the body to its own insulin, reducing insulin resistance and enabling peripheral tissues to increase the uptake of glucose from the plasma. These drugs lower blood sugar, and also reduce blood pressure, microalbuminuria, and increase HDL cholesterol concentrations. Body weight increases, and complex changes in other lipids are described. Preliminary studies have demonstrated reductions in concentrations of C reactive protein, and white blood cell count, 10 suggesting the possibility of extended benefit beyond blood glucose lowering effects; this is being tested in several large randomised studies with cardiovascular outcomes in people with diabetes.
Two other drugs have recently become available for the treatment of type 2 diabetes. Like sulfonylureas, repaglinide and nateglinide work by stimulating pancreatic potassium channels, releasing insulin. They are short acting, have to be taken more than once daily to control blood glucose concentrations, and offer no distinct advantages over sulfonylurea treatment. Recent epidemiological analysis shows that the level of postprandial hyperglycaemia may be a better predictor of cardiovascular outcomes than a fasting blood glucose concentration. The rapid onset of action of these agents means that improvements in postprandial hyperglycaemia are demonstrated when these drugs are compared to older agents, but there is as yet no published evidence that the use of these agents leads to improvements in cardiovascular outcomes.
RISK FACTOR REDUCTION
Blood pressure control Evidence of benefit in reducing blood pressure in people with diabetes has come from subgroup analysis of several large studies (table 1) , and from a small number of studies conducted in specific groups of patients with diabetes. The hypertension in diabetes study (HDS) was nested within the UKPDS and therefore included subjects with hypertension and recently diagnosed diabetes. 11 Tight control of blood pressure, based on treatment with captopril or atenolol, reduced microvascular (diabetic retinopathy) and macrovascular (stroke) complications compared to less tight control. Interestingly, the blood pressure attained in the tight control group was similar to that which gave maximum benefit for diabetic subjects in the hypertension optimal treatment (HOT) study, using a felodipine based treatment regimen.
The more recent LIFE (losartan intervention for endpoint reduction in hypertension) study examined people with hypertension and ECG evidence of left ventricular hypertrophy, and compared a regimen based on losartan with a regimen based on atenolol. 12 For the study as a whole, a significant reduction was seen in the primary composite with losartan compared to atenolol. In particular, there were significant reductions in the number of strokes, with insignificant effects on cardiovascular death and myocardial infarctions. By contrast, for the diabetic subgroup there was no significant reduction in strokes or myocardial infarctions, but significant reductions were demonstrated in cardiovascular deaths and total mortality when the group treated with losartan were compared with those treated with atenolol. 12 The reasons for these differences are not clear.
Angiotensin receptor antagonists have also been studied in hypertensive patients with type 2 diabetes and varying degrees of diabetic nephropathy. The IRMA2 (irbesartan in patients with type 2 diabetes and microalbuminuria) study examined diabetic patients with microalbuminuria, which occurs in one third of patients with type 2 diabetes. 13 Irbesartan was better than placebo in slowing the progression from microalbuminuria to overt proteinuria. For subjects with overt proteinuria, irbesartan and losartan were better than placebo and amlodipine respectively in the IDNT (irbesartan diabetic nephropathy trial) and RENAAL (reduction in endpoints in NIDDM with the angiotensin II antagonist losartan) studies in reducing the composite end point of doubling of serum creatinine, end stage renal disease, and death. 14 15 When the components of the composite were examined, there were benefits in the renal outcomes of end stage renal disease or doubling of serum creatinine, but no effect on death. Unfortunately, these studies were terminated at around 2.5 years because of the renal benefit, and there was no significant benefit in reducing a mixture of secondary cardiovascular outcomes. It remains uncertain whether these drugs will give cardiovascular benefit over and above any benefit of blood pressure lowering on renal function, as has been suggested for ramipril in the HOPE (heart outcomes prevention evaluation) study (see below).
In the recently published ALLHAT study (antihypertensive and lipid-lowering treatment to prevent heart attack trial), chlorthalidone based hypotensive treatment was if anything better than treatment based on enalapril or amlodipine. 16 All three were useful, safe, and well tolerated, dismissing previous fears that amlodipine might be of less benefit in people with diabetes. Patients with diabetes will often need two or more hypotensive agents to reach treatment targets, and regimens can include a combination of diuretics, ACE inhibitors, angiotensin II receptor antagonists, b blockers, and calcium channel blockers. For patients with either microalbuminuria or overt proteinuria an ACE inhibitor or an angiotensin II receptor antagonist should be included in the combination.
HOPE study
The interpretation of the results of the HOPE study remains controversial. Using a simple study design, over 9297 people at high cardiovascular risk, including 3577 diabetic patients, received ramipril or placebo. Ramipril lowered the risk of the primary composite end point of myocardial infarction, stroke or cardiovascular death, including significant reductions in each of the components of the composite and in total mortality. Data on blood pressure responses were not collected in detail, so it is uncertain whether this reduction in risk was as a result of blood pressure lowering in a high risk group of patients, or whether this was due to extended effects of ACE inhibition. The results for the diabetic subjects were published separately. 17 In addition to cardiovascular benefit, there was a significant reduction in the development of overt diabetic nephropathy. Unfortunately, there was infrequent sampling of the degree of proteinuria throughout the study, with a single sample at baseline, one year, and five years. There was no significant effect of ramipril on the development of new microalbuminuria, but there was a reduction in the progression of microalbuminuria as measured by the mean albumin/creatinine ratio.
Several post-hoc subgroup publications from the HOPE study provide useful information in people with diabetes. The degree of albuminuria was measured in 97% of patients in the HOPE study. Microalbuminuria was detected in 32% of diabetic subjects at baseline and 15% of non-diabetic subjects, and was associated with the duration of diabetes, increasing HbA1c, hypertension, smoking, and left ventricular hypertrophy. 18 Microalbuminuria increased the adjusted relative risk of major cardiovascular risk on subsequent follow up.
One tenth of the subjects in the study had renal insufficiency at baseline, as determined by a mild increase in serum creatinine concentration (patients with more severe degrees of renal impairment were excluded). 19 The cumulative incidence of the primary outcome was higher in patients with renal insufficiency than in those without, emphasising the high cardiovascular event rate in patients with renal impairment. A particular benefit in the reduction in cardiovascular events with ramipril was demonstrated in diabetic subjects with a raised serum creatinine compared to other groups.
Lipid lowering treatment
People with type 2 diabetes have been well represented in the landmark trials of lipid lowering treatment for the secondary prevention of cardiovascular disease (table 2) . Separate subgroup analysis for people with diabetes has been published for several of these trials. Figure 1 illustrates the benefit of lipid lowering treatment on the combined end point of cardiovascular death and non-fatal myocardial infarction in people with diabetes compared to non-diabetic subjects in the older statin trials. Generally, people with diabetes have obtained similar or greater relative risk reduction from the use of statins (or gemfibrozil), but because of the much greater event rate they have obtained a greater absolute benefit. In the heart protection study (HPS), the event rate (cardiovascular death, myocardial infarction, stroke, revascularisations) in the placebo group for diabetic subjects with prior coronary disease was an astonishing 37.8%, which was the highest for any subgroup in the study. This was reduced to 33.4% by simvastatin 40 mg. 20 By contrast, people with diabetes were not well represented in the older landmark primary prevention studies, and so subgroup analysis is not feasible. In the HPS there were nearly 4000 patients with diabetes and no prior coronary heart disease, and the results for these patients are contained within the principal publication in the Lancet. However, this group included some people with prior cerebrovascular or peripheral vascular disease. In subsequent correspondence, the authors indicated that 2912 patients with diabetes did not have any diagnosed occlusive vascular disease at entry, and the major vascular event rate was reduced from 13.5% to 9.3% by simvastatin in these diabetic subjects.
The typical lipid abnormalities that are seen in type 2 diabetes and the insulin resistance syndrome are an increase in triglycerides, a fall in HDL cholesterol, and no real increase in total or low density lipoprotein (LDL) cholesterol. This pattern of dyslipidaemia might be expected to respond better to treatment with fibrates than statins. There were a reasonable number of diabetic subjects in the VA-HIT study (Veterans Affairs high-density lipoprotein cholesterol intervention trial) of gemfibrozil, and separate subgroup analysis of diabetic subjects has recently been published. DAIS (diabetes atherosclerosis intervention study) was a study of the effects of fenofibrate in people with diabetes on surrogate angiographic markers. Fenofibrate was of some benefit in these subjects, but no difference was seen in harder cardiovascular outcomes. Studies are underway comparing the effects of fenofibrate compared to placebo on hard cardiovascular outcomes in patients with diabetes; in the longer term it is hoped to complete comparative studies of fibrates and statins on hard cardiovascular outcomes in people with diabetes. Figure 1 Evidence for the benefits of lipid lowering. Primary and secondary cholesterol lowering statin trials illustrating the percentage of patients with a coronary heart disease (CHD) event (cardiovascular death or non-fatal myocardial infarction) against the mean low density lipoprotein (LDL) cholesterol during the study in intervention and placebo groups. Adapted from LaRosa JC. Unresolved issues: unanswered questions. Eur Heart J 1999;1(suppl J): J18-23.
